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2011.11.0Abstract This research aims at integrating remote sensing data and ﬁeld studies for lithological
mapping of different rock units. Geological interpretation of Landsat ETM+ image and ﬁeld stud-
ies revealed that the study area is mainly covered by ophiolitic ultramaﬁc rocks, ophiolitic metgabb-
ros, schistose metavolocanics and alkaline granites.
The serpentinites masses occur in the form of dipping or steeply inclined sheets or lenses generally
emplaced along thrust faults .They are elongated in a ENE-WSW direction. They are composed
essentially of antigorite, clinochrysotile and lizardite with subordinate amount of magnesite, chro-
mite, magnetite, talc and chlorite.
Geochemically, the studied serpentinites are rich in MgO, Cr, Ni and high Ni/Co ratio. The
examined serpentinites belong to the ultramaﬁc cumulate ophiolite rocks and it was originally a
harzburgite that represents a fragment of the oceanic lithosphere formed in a back arc basin, i.e.,
they belong to an ophiolitic mantle sequence which was formed above subduction zone (SSZ).
Several mineral deposits are associated with the ophiolitic ultramaﬁc rocks such as magnesite,
talc and chromite. Chromite lenses are mainly encountered at wadi level in a podiform shape.
Microprobe analyses of chromite show that the chromite is an aluminum chromite type. The pod-
iform chromite is characterized by low TiO2 (<0.3%) and MnO (<0.27% contents) which are con-
sidered as distinct feature of Alpine type chromite deposits. The presence of podiform chromites inom (T.M. Ramadan).
ational Authority for Remote
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Figure 1
172 A.K.A. Salem et al.the serpentinites are related typically to supra subduction zone ophiolites (SSZ). The studied serp-
entinites show similarities to the Alpine type serpentinites.
 2011 National Authority for Remote Sensing and Space Sciences.
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Serpentinites are widely distributed in the ophiolite assemblage
that constitutes an important part of the basement complex of
the Eastern Desert of Egypt (Takla et al., 1975; Garson and
Shalaby, 1976; El Sharkawy and El Bayoumy, 1979; Takla
and Noweir, 1980; Amstutz et al.,1984; Habib et al.,1987; El
Gaby et al., 1988, 1990; Hilmy et al., 1991; Khalil, 1994 ; Kha-
lil et al., 1996; Akaad, 1997; Akaad and Abu Ella, 2002; El
Bahariya and Arai, 2003; Salem et al., 2004; Azer and Stern,
2007; Khalil and Azer, 2007; Abd El-Rahman et al., 2009;
Abu El Ela and Farahat, 2010).
Um Salim-Um Salatit area is located in the Central Eastern
Desert between Lat. 2550–25320N and Long. 33520–34020E
(Fig. 1).
The present paper deals with detailed geological, mineral-
ogical and geochemical studies of the ultramaﬁc rocks exposed
in the study area.Landsat ETM+ image showingThese serpentinites form huge lenticular bodies with ENE–
WSW trend, conformable with the regional strike of the host
rocks.
2. Methodology
2.1. Remote sensing data
In this study, one scene of Enhanced Landsat ETM+
data (Path 174 and Raw 42, acquired on March, 2000)
covering the investigated area, has been geometrically cor-
rected and radiometrically balanced using the ERDAS
imagine 9.1 at the National Authority for Remote Sens-
ing and Space Sciences (NARSS), Cairo. The applied
techniques include false color composite image (bands 7,
4, 3, Fig. 2) to produce structural map and rationing im-
age (bands 5/7, 5/1, 4, Fig. 3) to distinguish the different
rock units.the location of study area (white box).
Figure 2 False colour Landsat ETM+ image (bands 7, 4, 3 in R, G, B) for the study area.
Figure 3 Landsat ETM+ ratio image (bands 5/7, 5/1, 4 in R, G, B) for the study area.
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Table 1 X-ray diffraction data for three selected samples from Um Salim-Um Salatit serpentinite.
2h d I/I0 ASTM Card Corresponding mineral phase
d I/I0
Sample no. 2
12 7.26 100 7.37 100 Antigorite
12.4 7.37 11 7.1 90 Clinochrysotile
24.3 3.61 68 3.66 95 Antigorite
32.5 2.74 100 2.74 100 Magnesite
35.22 2.53 15 2.52 100 Antigorite
Sample no. 3
12 7.26 100 7.37 100 Antigorite
12.4 7.3 11 7.1 90 Clinochrysotile
24.3 3.61 68 3.66 95 Antigorite
35.55 2.52 15 2.52 100 Antigorite
43.1 2.1 37 2.1 100 Magnesite
Sample no. 4
9.5 9.41 100 9.35 95 Talc
12.5 7.15 11 7.1 90 Lizardite
24.3 3.61 88 3.66 100 Antigorite
29.4 3.02 100 3.01 100 Calcite
30.9 2.89 100 2.89 100 Dolmite
32.5 2.75 100 2.74 100 Magnesite
43.1 2.1 37 2.1 100 Magnesite
Cu radiation, Ni ﬁlter, 2h/min.
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A geological map of the study area at scale 1:50,000 was con-
structed using the Landsat ETM+ images and ﬁeld observa-
tions. Seventy bedrock samples from different rock units
were collected for petrographical studies. Fifteen samples were
collected from chromite lenses to study the mineralogical fea-
tures of these deposits.
2.3. Laboratory work
More than forty rock samples representing the different rock
units were prepared for thin sections. The petrographic studies
were carried out using NIKON polarizing microscope.
Twelve rock samples were analyzed for their major and
trace element contents. Analyses were carried out in the Cen-
tral Laboratories of Egyptian Geological Survey by XRF tech-
nique using a Philips Pw 1404 spectrometry of the wave length
dispersive type for which powder pellets and fusion beads were
prepared. Ferrous iron in all samples was determined by wet
chemistry.
Ten thin-polished sections were prepared and studied using
electron microprobe analyses.
Electron microprobe analyses of the chromite were carried
out at the Wurzburg University, Germany using a CAMECA
SV50 electron microprobe under operating conditions of
15 kV accelerating voltage, and 15–16 nA sample current
measured on Faraday cage, and 1–2 um beam size; element
peaks and backgrounds were each measured over 20 s/syn-
thetic silicate and oxide minerals were used for reference stan-
dards. X-ray diffraction technique has been used to identify
the serpentinite minerals associated with the chromites ores
(Table 1).3. Results
3.1. Lithological interpretation
Digital processing of Landsat ETM+ images for the study
area generated several products ranging from false color com-
posite image (bands 7, 4, 2 in R,G,B) and ratio image (bands 5/
7, 5/1 and 4 in R, G, B). The Landsat ETM+ false image
(bands 7, 4, 2 in R, G, B) for the study area provided an excel-
lent base map for further investigation. Also, the ratioing im-
age (bands 5/7, 5/1, 4) discriminated the different rock types in
the area shown in (Fig. 4). The serpentinites indicated by red
color, the metavolcanic rocks are characterized by bluish col-
or. The metagabbro rocks indicated by purple color, while
the granitic rocks have green colour.
3.2. Geologic setting
The serpentinite masses occur in the form of dipping or steeply
inclined sheets and lenses, generally, emplaced along thrust
faults. They are elongated in the ENE–WSW direction. The
area is of moderate to high relief and is made up of fairly mas-
sive serpentinites and talc-carbonates. It is tectonically em-
placed within a distinct lithologic association of schist, basic
metavolcanic rocks and ophiolitic metagabbros (Plate 1a and
b). No thermal contact effect of the serpentinites upon the sur-
rounding rocks is observed indicating that they were tectoni-
cally emplaced. The serpentinites are characterized by
various colours, varying from grayish green to dark green to
even black. They are hard, and commonly contain altered
bright green antigorite. They are closely jointed, foliated and
frequently transformed into talc-carbonates along faults and
shear zones (Plate 1c).
Figure 4 Geological map of G. Um Salim-Um Salatit area (modiﬁed after EGSMA map, 1990).
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soapy touch and vary in color from pale brown to buff to light
cream. Along shear zones feebly schistose chlorite and actino-
lite schists are usually recognized. Chromite lenses and magne-
site veins and pockets occur within the talc-carbonates of G.
Um Salim serpentinites (Plate 1d–f).
3.3. Petrography
The studied serpentinites of Um Salim-Um Salatit include
massive serpentinites, dunite serpentinites, harzburgite serpen-
tinites, and subordinate talc carbonates. Further petrographic
details are given below.
3.3.1. Massive serpentinites
The serpentinites are composed of antigorite, clinochrysotile
and lizardite together with minor amounts of carbonate miner-
als. Petrographically, antigorites are present as ﬂamo-lamellar
aggregates or display mesh texture (Plate 2a). Lizardite occurs
as very ﬁne-grained crystals or occupies cores of mesh texture,
whereas, clinochrysotile occurs as cross-ﬁber veinlets cuttingacross the other serpentine minerals. Chromite forms irregular
grains of blood red color, shows variable shape skeletal crystal
that are corroded by serpentinites. It is slightly replaced by
magnetite. The serpentine minerals have been conﬁrmed by
X-ray identiﬁcation according to Whittaker and Zussman
(1956).
3.3.2. Dunite serpentinites
These rocks are brown to black in color, coarse-grained, mas-
sive and consist of antigorite, lizardite and chrysotile with var-
iable amounts of magnesite, talc, chlorite and tremolite.
Olivine relics are also observed in the dunite serpentinites.
The antigorites occurs in different forms, commonly as plumes
or haphazardly aggregated ﬂakes (Plate 2b).
The antigorites are variably replaced by talc. The rock com-
monly retains a mesh texture with irregular fractures. Bastite
occurs as phenoprismatic crystal with schiller structure (Plate
2c). Iddingesite occurs as partially or completely alteration
pseudomorphic after olivine crystals. It is pale reddish color,
consists of iron oxides in various stage of oxidation and hydra-
tion in the dunite serpentinites. Carbonates are present in a fair
Plate 1 (a) General view showing serpentinites (S) and metagabbro rocks in the foreground (MtG). (b) Photograph showing the
serpentinites (s) thrusted over the metavolcanic- sedimentary rocks (Mts) at W. Um Salatit. (c) Photograph showing the talc-carbonate in
contact with basic schistose metavolcanic at Um Salatit. (d) Photograph showing chromite lens occurs within talc carbonate rocks in Um
Salatit area. (e) General view showing serpentinites (s) and metvolcanic rocks (MtV). (f) Photograph showing a small magnesite lens
occurs within the serpentinites and related rocks at G. Um Salim.
176 A.K.A. Salem et al.amount, talc forms a dense matrix of ﬂaky aggregates with
random arrangement. Opaques are magnetite and chromite.
3.4. Harzburgite serpentinites
These rocks are grayish green in color. Harzburgite serpenti-
nites show relict textures and the original outlines of olivine
and orthopyroxene set in a matrix of ﬁbrous antigorite. Bastite
is most probably pseudomorphous after enstatite and forms
stumpy crystals. Clinochrysotile forms undulatory cross-ﬁber
veinlets cutting through the antigorite matrix, associated with
parallel carbonate veins (Plate 2c–e). Talc is formed at the ex-
pense of antigorite as scaly aggregates which are often bent.
3.4.1. Talc-carbonate
These rocks are associated with serpentinites. Talc carbonates
are composed of magnesite, dolomite, calcite and talc. Occa-
sionally, they are highly stained with hematite. The magnesite
occurs as irregular and idiomorphic rhombs, as well as clusters
of granular aggregates. Dolomite is distinct from magnesite by
its characteristic individual rhombohedral habit. It shows sub-
hedral crystals and often has twin lamellae parallel in the shortdiagonal as well as to the long diagonal. Calcite is ﬁne to
coarse aggregates embedded in the matrix of dolomite, cli-
nochlore and opaques. Chromite occurs as irregular, subhedral
and octahedral crystals (Plate 2e). It is rimed by ﬁne minute
ﬂakes of chlorite. The talc carbonate bodies enclose chlorite-
tremolite segregations. The presence of the serpentinite miner-
als was conﬁrmed by X-ray data.
3.5. Geochemistry
3.5.1. Chemical features
The results of the major oxide and the trace element contents
of the examined samples are given in Table 2. The value of the
major oxides are recalculated on water free basis are given in
Table 3. CIPW normative values are given in Table 4.
3.6. Petrochemical charactreristics
Page (1966) proposed a binary diagram showing the relation
between MgO and H2O for the ultramaﬁc rocks (Fig. 5). It
is clear from the diagram that the studied serpentinites plot
close to the average antigorite. The predominance of antigorite
Plate 2 (a) Photomicrograph showing mesh textures in the serpentinities. (b) Antigorite occurs in anhedral crystals and aggregates of
ﬁbrolamelar structure. (c) Photomicrograph showing vein of chrysotiles cut through antigorites. (d) Photomicrograph showing vein of
carbonate minerals cut through antigorite aggregates of ﬁbrolamelar structure. (e) Photomicrograph showing some parallel veins of
chrysotiles cut through antigorites. (f) Photomicrograph showing a highly brecciated and fractured chromite eight shot points analyses for
chromite were done by electron microprobe at Um Salatit.
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studied serpentinites have suffered prograde metamorphism.
The analyzed samples were plotted on the AFM diagram.
The analyzed samples fall in the ﬁelds of metamorphic perido-
tites and maﬁc and ultramaﬁc cumulate ophiolite ﬁelds
(Fig. 6). These ultramaﬁc cumulates are very similar to the
metamorphic peridotites of Coleman (1977).
Coleman (1977) advanced two discrimination diagrams
based on some major oxides viz. Al2O3 CaO, and MgO
(Fig. 7) the ternary diagram Al2O3–CaO- -MgO), all the ana-
lyzed samples fall in the metamorphic peridotite ﬁeld that orig-
inated in orogenic belts.
The SiO2 % versus FeO
t/FeOt +MgO ratio (Fig. 8) is used
to discriminate between ultramaﬁc and maﬁc cumulates. All
analyzed samples of the studied serpentinites clearly plot in
the ultramaﬁc cumulate ﬁeld except one sample that plots in
the maﬁc cumulate.
The normative composition of the examined serpentinites
are plotted on the Ol-Hy-Di diagram Coleman (1977)
(Fig. 9). They fall in the harzburgite ﬁeld.
Bucher and Frey (1994) introduced a chemographic projec-
tion of CMS–HC system from H2O and CO2 onto SiO2–CaO–
MgO plane. The composition of the mantle rocks with anhy-drous mineralogy OL + OPX+ CPX is restricted to the
shaded area (labelled M in Fig. 10) deﬁned by forsterite (Ol),
enstatite (OPX) and diopside (CPX). The analyzed serpenti-
nites falling on the Fo-En join i.e. they are harzubrgite (de-
pleted mantle peridotites).3.6.1. Tectonic setting
Aumento and Loubat (1971) proposed two diagrams to dis-
criminate between the various types of ultramaﬁc ﬁelds,
namely low-high temperature Alpine ultramaﬁc rocks, oceanic
serpentinites and layered intrusions, based on the amounts of
major oxides of SiO2–MgO and Al2O3–CaO. It appears that
the studied serpentinites fall in the low temperature Alpine
ﬁeld and are close to the oceanic Mid-Atlantic ridge ﬁeld
(Figs. 11 and 12).
Gulacer and Delaloye (1976) proposed plotting Ni/Co ver-
sus Ni (Fig. 13). It is clear from the ﬁgure that the majority of
serpentinites have high Ni/Co ratios and plot within the Alpine
type (dunite-periodotite). The high Ni/Co ratio characterizes
the ultramaﬁc rocks which are derived from the early stages
of magma generation by partial melting of the mantle (Kog-
arko, 1973).
Table 2 Chemical analyses of major oxides and trace elements for Um Salatit-Um Salim serpentinites.
Sample no. 1 2 3 4 5 6 7 8 9 10 11 12
SiO2 39.73 39.78 42.8 38.62 39.85 37.19 38.4 38.21 33.5 38.25 37.82 39.17
TiO2 0.01 0.02 0.01 0.01 0.01 0.03 0.01 0.02 0.01 0.01 0.01 0.07
Al2O3 0.64 0.58 0.7 0.61 0.69 0.39 0.77 0.61 0.47 0.77 0.76 1.49
FeO 6.11 6.78 5.1 7.5 5.99 7.01 7.35 6.64 4.8 5.57 6.39 3.72
Fe2O3 2.08 4.23 1.71 2.28 1.88 3.46 2.22 3.01 1.29 4.43 1.9 6.1
MnO 0.08 0.06 0.093 0.068 0.089 0.06 0.082 0.07 0.113 0.07 0.101 0.05
MgO 38.55 34.72 37.8 38.86 39.87 38.93 38.69 39.42 35.5 37.63 37.06 39.08
CaO 0.15 0.07 0.18 0.08 0.19 0.08 0.59 0.28 2.2 0.04 0.43 0.25
Na2O 0.2 0.14 0.05 0.04 0.06 0.18 0.04 0.21 0.05 0.19 0.02 0.26
K2O 0.01 0.03 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.03 0.01 0.04
P2O5 0.02 0.01 0.005 0.008 0.006 0.01 0.006 0.02 0.005 0.01 0.005 0.03
H2O 9.28 8.69 11.79 10.77 10.22 9.17 10.89 8.47 13.26 9.73 14.66 8.43
CO2 0.68 0.59 0.23 0.1 0.24 0.48 0.75 1.04 7.8 0.99 0.55 0.59
Total 97.54 95.7 100.478 98.956 99.105 97 99.808 98.02 99.008 97.72 99.716 99.28
Ba 80 28 17 10 10 12 10 18 10 44 10 16
Rb 3 3 2 2 2 2 2 2 2 3 2 2
Sr 11 9 11 9 5 13 7 19 15 9 4 9
Y 4 4 2 2 2 3 2 4 2 4 2 7
Zr 38 38 10 10 10 38 8 39 9 40 11 77
Nb 3 5 2 3 2 5 2 4 2 4 2 5
Th * * 3 3 4 * 3 * 3 * 3 *
Pb 4 2 3 3 4 4 3 4 3 4 3 5
Ga 3 2 3 3 3 1 4 1 3 2 3 5
Zn 78 76 45 56 34 55 47 60 30 70 44 63
Cu 7 55 10 10 10 6 10 23 10 12 10 35
Ni 2662 3797 1758 1794 2054 3185 1593 2944 2052 3777 2110 3017
V 41 913 53 46 36 73 44 122 28 22 41 *
Cr 2396 3018 2100 2646 2168 1598 2861 2823 1662 3838 3063 1452
Hf * * 3 3 3 * 4 * 3 * 4 *
Ta * * 3 3 3 * 3 * 3 * 3 *
Co 104 136 90 119 88 205 104 150 98 138 100 145
U * * 5 5 3 * 4 * 5 * 3 *
W * * 5 5 5 * 5 * 5 * 7 *
Mo * * 2 2 2 * 2 * 2 * 2 *
As * * 4 10 4 * 8 * 5 * 6 *
Bi * * 3 3 3 * 3 * 3 * 3 *
La * * 5 5 5 * 5 * 5 * 5 *
Ce * * 5 5 5 * 5 * 8 * 5 *
Table 3 Recalculated chemical analyses of major oxides for Um Salatit-Um Salem serpentinites.
Sample no. 1 2 3 4 5 6 7 8 9 10 11 12
SiO2 45.36 46.03 48.38 43.84 44.95 42.58 43.55 43.17 42.98 43.97 44.75 43.40
TiO2 0.01 0.02 0.01 0.01 0.01 0.03 0.01 0.02 0.01 0.01 0.01 0.08
Al2O3 0.73 0.67 0.79 0.69 0.78 0.45 0.87 0.69 0.60 0.89 0.90 1.65
FeO 6.98 7.85 5.77 8.51 6.76 8.03 8.34 7.50 6.16 6.40 7.56 4.12
Fe2O3 2.37 4.89 1.93 2.59 2.12 3.96 2.52 3.40 1.65 5.09 2.25 6.76
MnO 0.09 0.07 0.11 0.08 0.10 0.07 0.09 0.08 0.14 0.08 0.12 0.06
MgO 44.02 40.18 42.73 44.12 44.98 44.57 43.88 44.54 45.54 43.25 43.85 43.30
CaO 0.17 0.08 0.20 0.09 0.21 0.09 0.67 0.32 2.82 0.05 0.51 0.28
Na2O 0.23 0.16 0.06 0.05 0.07 0.21 0.05 0.24 0.06 0.22 0.02 0.29
K2O 0.01 0.03 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.03 0.01 0.04
P2O5 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.01 0.01 0.03
Total 100 100 100 100 100 100 100 100 100 100 100 100
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tween the supra-subduction zone ophiolites) and Mid-OceanRidge basalt ophiolites (MORB) on the basis of Cr–TiO2 con-
tent (Fig. 14). The most of the examined samples belong to the
Table 4 CIPW normative minerals for Um Salatit-Um Salim serpentinites.
Sample no. 1 2 3 4 5 6 7 8 9 10 11 12
Q 0 0 0 0 0 0 0 0 0 0 0 0
Or 0.07 0.21 0.07 0.07 0.07 0.07 0.07 0.13 0.08 0.2 0.07 0.26
Ab 1.93 1.37 0.48 0.38 0.57 1.74 0.38 2.01 0.54 1.85 0.2 2.43
An 0.72 0.33 0.98 0.4 1.02 0.26 2.14 0.75 1.32 0.16 2.31 1.18
C(A) 0.08 0.24 0.33 0.46 0.28 0 0 0 0 0.43 0 0.7
Di (wo) 0 0 0 0 0 0.05 0.48 0.29 5.28 0 0.08 0
Di (en) 0 0 0 0 0 0.04 0.38 0.23 4.26 0 0.06 0
Di (fs) 0 0 0 0 0 0 0.05 0.02 0.38 0 0.01 0
Hy (en) 25.34 38.04 42.14 21.91 24.51 15.89 18.32 16.26 4.43 26.3 24.13 26.73
Hy (fs) 2.53 3.95 3.61 2.7 2.36 1.64 2.23 1.61 0.4 1.86 2.69 0.48
Ol (fo) 59.29 43.68 45.28 61.87 61.56 66.84 63.7 66.4 73.61 57.28 59.81 57.06
Ol (fa) 6.53 5.01 4.28 8.42 6.53 7.63 8.56 7.28 7.26 4.48 7.35 1.14
mt 3.44 7.1 2.8 3.75 3.08 5.74 3.65 4.93 2.4 7.38 3.26 9.8
il 0.02 0.04 0.02 0.02 0.02 0.07 0.02 0.04 0.02 0.02 0.02 0.15
ap 0.05 0.03 0.01 0.02 0.01 0.02 0.01 0.05 0.01 0.03 0.01 0.07
Total 100 100 100 100 100 100 100 100 100 100 100 100
OL 59.29 43.68 45.28 61.87 61.56 66.84 63.7 66.4 73.61 57.28 59.81 57.06
OPX 25.34 38.04 42.14 21.91 24.51 15.89 18.32 16.26 4.43 26.3 24.13 26.73
CPX 0 0 0 0 0 0.09 0.86 0.52 9.54 0 0.14 0
Figure 5 MgO–H2O (wt.%) diagram of the analyzed samples
(after Page, 1966).
Figure 6 AFM diagram of the examined ultramaﬁc and maﬁc
rocks (after Coleman, 1977).
Figure 7 Triangular diagram of MgO–CaO–Al2O3 (wt.%) for
maﬁc and ultramaﬁc rocks.Komatite ﬁeld fromvarious sources and
MAR represents average composition ofMid-Ocean Ridge basalts.
Skaegaard liquid trend is displayed to illustrate possible corollaries
to differentiation of a basaltic liquid in ophiolite sequences.
Figure 8 Variation of SiO2 versus FeO
t/FeOt+MgO (wt.%) in
the studied ultramaﬁc and maﬁc rocks (after Coleman, 1977).
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Figure 9 Modal composition of the studied in harzburgites and dunites plotted on the Ol-Opx – Cpx diagram for peridotites (after
Coleman, 1977).
Figure 10 Chemography of ultramaﬁc rocks CMS-HC system
projected from CO2 and H2O on to the plane CaO–MgO–SiO2
showing some rocks and mineral compositions in ultramaﬁc rocks
(after Bucher and Frey, 1994).
Figure 11 The analyzed samples plotted on the SiO2–MgO
(wt.%) diagram (after Aumento and Loubat, 1971).
Figure 12 Al2O3 and CaO (wt.%) contents in the analyzed
samples plotted on the respective diagram (after Aumento and
Loubat, 1971).
180 A.K.A. Salem et al.SSZ ophiolites, i.e., that the examined serpentinite is repre-
sented by an ophiolitic mantle sequence which was thrust over
the continental margin during the collision stage of back arc-
basins. Berhe (1990) considered the Pan African ophiolites as
SSZ ophiolites or back arc basin.
Baccaluva et al. (1983) proposed a discrimination diagram
for some basic and ultramaﬁc rocks on the basis of the ratio
Al2O3/TiO2 and TiO2 contents in which Al and Ti are consid-
ered to be largely immobile during the alteration processes
(Pearce, 1976). The examined samples were plotted on the pro-
posed diagram (Fig. 15), all analyzed samples plot in the har-
zaburgite and dunite ﬁelds with the exception of one sample
which falls near the Iherzolite boundary with partial melting
range from 10% to 30%, It is worth to mention, that the stud-
ied serpentinites were derived from ultramaﬁc rocks (tectonic
mantle sequence).
Figure 13 Ni–Ni/Co ratios of analyzed serpentinite samples
from Egypt compared to ratios of Alpine type and Bushveld
layered ultramaﬁcs (after Gulacer and Delaoye, 1978).
Figure 14 Cr versus TiO2 (wt.%) for the analyzed serpentinites
on the tectonic discrimination diagram (after Pearce et al., 1984).
Figure 15 Diagram showing the genetic relationships (dotted
line) between basaltic melts and ultramaﬁc residues divided from a
hypothetic pyrolitic source (after Baccaluva et al., 1983).
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Magnesite deposits occur at Lat. 25100 N and Long. 34100 E.
The magnesite is cryptocrystalline white and massive withcharacteristic bony appearance. It is of good quality. Several
veins of magnesite are found in Gabal Um Salim. The host
rocks are of moderate to high relief and are made up of fairly
massive serpentinites and talc-carbonates. Magnesite veins are
quite abundant at high level altitudes especially, at the peak of
serpentinite ridge .The magnesite veins are about 1 m. wide
and 50 m, long. Sometimes, magnesite occurs as thin veinlets
30–60 cm wide and 1–5 m long. The exploitation of magnesite
from Um Salim area is more difﬁcult due to its presence at
high altitudes.
4.1. Talc
Talc deposits occur at Lat. 2560 N and Long. 33510 E .They
occur as lenses and sheared pods of variable length and width
within the serpentinites and talc-carbonate rocks. Basta and
Kamel (1970) studied the mineralogy of Egyptian talc and con-
cluded that the talc of Gabal Um Salim is generally of low
grade being rich in tremolite, chlorite and talc carbonate rocks.
4.1.1. Chromite
Chromite is frequently homogeneous and free of any exsolu-
tion. It is present either as discrete grains which are completely
surrounded by silicate minerals or as chain-like aggregates.
The separate chromite crystals are rounded or subhedral occa-
sionally and show ragged boundaries. Skeletal chromite crys-
tals and ﬁne chromite-silicate myrmikite intergrowths are
also observed.
Chromite in reﬂected light is gray in color with low reﬂec-
tivity. However, altered chromite grains display pale gray color
with a faint-creamy or pale brownish tint and show higher
reﬂectivity than chromite. Some chromite samples exhibit var-
iable colors due to the presence of ﬁne cracks that cause thin
splinter reﬂection the incident light. These fractures, serve as
paths for the transportation of hydrothermal ﬂuids which
cause transformation of the chromite grains. These fractures
occur as undulated or curved cracks similar to pull-apart tex-
ture and are ﬁne-dendritic-like with brecciaed appearance
(Plate 2f).
4.1.2. Chemistry of chromite
Microprobe analyses of chromite and its structural formulae
are calculated from the major oxide contents, on the basis of
32 oxygen (Table 5).
On the Fe+3–Cr+3–Al diagram (after Thayer, 1964), the
analyzed samples fall in the ﬁelds of aluminum chromite
(Fig. 16).
On the Cr2O3 and total iron diagram, by Thayer (1970)
(Fig. 17). It is also observed that most analyzed chromites plot
in the Alpine type ﬁeld except one sample which plots in Blue
Ridge ﬁeld. Many workers believe that the Blue Ridge dunites
are pieces of disrupted ophiolites. Moreover, on the Cr+3/
Cr+3+Al versus Fe+2/Fe+2+Mg (Dick and Bullen, 1984)
(Fig. 18). It is observed that all the analyzed chromite samples
plot in the Alpine ﬁeld. On the Cr+3–Al–Fe+3 + 2Ti diagram
(after Jan and Windley, 1990) (Fig. 19).
The analyzed samples also plot in the area of residual peri-
dotite podiform chromatites associated with harzburgite. The
low value of TiO2 (up to 0.3%) and lack of signiﬁcant correla-
tion between titanium and the other elements are considered as
distinct features for Alpine type chromite deposits (Dickey,
Table 5 Microprobe analyses of Um Salatit chromite.
Sample no. 1 2 3 4 5 6 7 8
SiO2 0.02 0.04 0.02 0.04 0.01 0.02 0.03 0.06
TiO2 0.21 0.13 0.11 0.14 0.1 0.13 0.11 0.12
Al2O3 9.81 14.6 13.9 14.7 15.7 15.42 14.61 14.61
Cr2O3 56.2 55.7 53.89 53.9 53.94 53.7 55.21 53.88
Fe2O3 3.56 2.89 2.97 3.87 2.96 3.67 3.01 3.71
MgO 10.21 13.8 15.1 15.3 13.95 15.34 13.78 14.84
CaO 0.01 0.01 0.02 0.04 0.01 0.02 0.04 0.03
MnO 0.31 0.36 0.29 0.33 0.39 0.4 0.29 0.37
FeO 18.7 12.1 13.2 10.98 11.81 11.11 11.94 11.43
NiO 0.15 0.17 0.19 0.15 0.16 0.12 0.07 0.13
ZnO 0.02 0.04 0.03 0.06 0.05 0.03 0.06 0.02
Total 99.2 99.84 99.72 99.51 99.08 99.96 99.15 99.2
FeOt 22.22 14.96 16.14 14.81 14.74 14.74 14.92 15.10
Cation numbers of ions on basis of 32 (O)
Si 0.01 0.01 0.01 0.01 0.00 0.01 0.01 0.02
Ti 0.04 0.02 0.02 0.03 0.02 0.02 0.02 0.02
Al 3.09 4.34 4.15 4.36 4.68 4.54 4.37 4.35
Cr 11.88 11.12 10.81 10.72 10.78 10.61 11.09 10.78
Fe+3 0.71 0.55 0.57 0.73 0.56 0.69 0.57 0.70
Mg 4.10 5.24 5.75 5.78 5.30 5.76 5.26 5.64
Ca 0.00 0.00 0.01 0.01 0.00 0.01 0.01 0.01
Mn 0.07 0.08 0.06 0.07 0.08 0.08 0.06 0.08
Fe+2 4.17 2.55 2.79 2.31 2.49 2.32 2.53 2.41
Ni 0.03 0.03 0.04 0.03 0.03 0.02 0.01 0.03
Zn 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.00
Total 24.11 23.96 24.21 24.06 23.97 24.05 23.95 24.04
Fe+2/Mg+Fe+2 0.50 0.33 0.33 0.29 0.32 0.29 0.32 0.30
Cr/Cr+Al 0.79 0.72 0.72 0.71 0.70 0.70 0.72 0.71
Mg/Mg+Fe+2 0.50 0.67 0.67 0.71 0.68 0.71 0.68 0.70
Fe+3/Fe+3+Cr+Al 0.06 0.05 0.04 0.06 0.05 0.05 0.05 0.06
Mg-number 49.57 67.24 67.31 71.50 68.01 71.31 67.50 70.03
Cr-number 79.36 71.91 72.23 71.10 69.75 70.03 71.72 71.22
Cr/Al 3.84 2.56 2.60 2.46 2.31 2.34 2.54 2.47
Cr-number = 100*Cr/(Cr + Al); Mg-number = 100*Mg/(Mg+Fe+2).
Figure 16 Varition of Cr+3–Al+3–Fe+3 for Um Salatit chromite
(after Thayer, 1964).
Figure 17 Total FeOt versus Cr2O3 (wt.%) segregated chromite
in the Blue Ridge dunite (after Thayer, 1970).
182 A.K.A. Salem et al.1975). The podi-form chromite is characterized by low TiO2
(<0.3) and MnO (<0.27) contents. The presence of podiform
chromites in the serpentinites is related typically to SSZ ophi-
olites (Kroner et al., 1987).5. Summary and conclusion
The serpentinites of Um Salim-Um Salatit build large lenticu-
lar bodies located in the Central Eastern Desert of Egypt be-
Figure 18 Plots of Cr+3/Cr+3 + Al+3 versus Fe+2/Fe+2 +Mg
for the chromite studied (after Dick and Bullen, 1984).
Figure 19 Studied chromite plotted on the Cr+3–Al+3–
Fe+3 + 2Ti diagram (after Jan and Windley, 1990).
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extend NE SW trend. They are tectonically emplaced within a
distinct lithologic association of schist, basic metavolcanic
rocks and ophiolitic metagabbro. Talc deposits occur as lenses
and shear pods of variable lengths and widths in the serpernti-
nites and related rocks (talc carbonate). They are formed at the
expense of serpentinites along shear zones during a stage of
CO2-metasomatism. Most of the magnesite veins were formed
during the formation of talc carbonate.
Petrographically, the serpentinites are composed essentially
of antigorite, chrysotile and lizardite with subordinate
amounts of magnesite, talc, dolomite, chromite, and chlorite.
They show mesh, bastite and knitte textures. The presence of
clinochrysotile as cross- feber veinlets traversing the other ser-
pentinite minerals indicates a late crystallization under static
conditions as a result of the activity of meteoric waters. The
transformation from lizardite and chrysotile to antigorite in
serpentenites took place at the beginning of low grade meta-
morphism (green-schist facies).
The examined serpentinites have been derived from harz-
burgite and dunite due to the prevalence of mesh and bastite
texture. Magnesite deposits occur at high levels of the serpen-
tinites outcrop .The chromite lenses present in Wadi Um Sal-
atit serpentinites possess a podiform shape.Based on geochemical compositions, the examined serpen-
tinites belong to the ultramaﬁc cumulate ophiolite rocks, orig-
inally of harzburgite composition (metamorphic peridotite)
that represents a fragment of the oceanic lithosphere formed
in a back arc basin.
The microprobe analyses of chromite show that it belongs
to the aluminum chromite type. The podiform chromite is
characterized by low TiO2 (<0.3 content) and MnO (<0.27
content) which are considered as distinct features for Alpine
type chromite deposits (Dichey, 1975). The chromite is low
in Al content in relative to Cr+3 content similar to ophiolitic
pediform chromites (Lebance et al., 1980). Podiform chromites
in serpentinites are related typically to SSZ ophiolites.
Finally, the ﬁeld and geochemical studies show that the
serpentinites belong to the low temperature Alpine type ophi-
olites. They belong to the ophiolitic mantle sequence formed in
SSZ ophiolites which were thrust over the continental margins
during the collisional stage of back arc environment. SSZ
ophiolites may also form in the initial stages of arc splitting
and are also characterized by strongly depleted, harzburgite
mantle sequences containing podiform chromite deposits and
by crystallization sequences in which olivine is followed by
pyroxene (Pearce et al. (1984).Acknowledgements
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